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CHAPTER I
INTRODUCTION
I. GERAL OBJECTIVES OF RESEARCH
The objectives of this project were-
A. to study the effects of stannous fluoride (SnF2) and sodium
fluoride (NaF) on the growth and viability of several oral
streptococci, lactobacilli and actinomycetes.
B. to qualitatively evaluate these effects by electron
microscopic observations of bacterial ultrastructure.
2. LITKRAJRE REVIEW
A. Effects of Fluorides on Bacterial Metabolism
i Sodium fluoride (NaF)
Dental caries results from the dissolution of tooth
mineral by acid produced by bacteria adherent to teeth. The
anticaries effects of fluoride are believed to be due to the
physicochemical interaction of fluoride with the tooth mineral
(Brudevold et al., 1967) and inhibitory effects on bacterial
metabolism (Mellberg, 1974).
As early as 1940, Bibby and Van Kesteren observed that NaF, at 1
ppm F-, limited acid production by oral bacteria. This effect was
subsequently attributed to fluoride’s interference with enolase
(Warburg and Christian, 1941; Sandham and Kleinberg, 1969; Kanapka and
Hamilton, 1971; Hamilton, 1977), which in the glycolytic pathway, is
responsible for the conversion of 2-phosphoglycerate to
phosphoenolpyruvate Stryer, 1981 ). Phosphoenolpyruvate PEP
production is also required for phosphorylation of some sugars and
polyols to be transported into cells. The phosphoenolpryuvate-
phosphotransferase phosphotransferase system (PEP-PTS) has been found
in many strains of oral streptococci (Kanapka and Hamilton 1971;
Schachtele and Mayo 1973; Schachtele 1975; Slee and Tanzer, 1982;
Vadeboncoeur et al., 1983 and Vadeboncoeur 1984).
Aside from the reported inhibitory effect on enolase and the
PEP-PTS system, fluoride may also alter ion transport and sugar
metabolism by interacting with the cell membrane itself or the proton
gradient across this membrane. Luoma and Tuompo (1975) have reported
a close association between the growth inhibitory effects of fluoride
in bacteria, potassium transport and carbohydrate metabolism.
Furthermore, Marquis (1977) reported that NaF is inhibitory for
streptococcal Mg++-Ca++ activated membrane ATPases which are thought
to be involved with potassium transport. Fluoride is thought to be
transported across the cell membrane as hydrogen fluoride (HF). The HF
decreases the pH of the cytoplasm and establishes a pH gradient across
the cell membrane (Eisenberg and Marquis 1980). The intracellular
release of F- is known to inhibit enolase and may also affect other
enzymes. The intracellular release of H+ inhibits glycolysis as many
glycolytic enzymes have alkaline pH optima.
Thus, there is considerable reason to believe that fluoride
interferes with glycolysis by inhibition of glycolytic enzymes and the
transport of metabolites into the cell. These effects may
significantly alter the ability of bacteria to produce acid.
ii) Stannous fluoride (SnF2)
Heavy metals are widely used as germicides and are
known to precipitate proteins (Block, 1983). Recently, researchers
have begun to examine the effect of tin on oral bacteria. The
earliest reference to the effect of SnF2 on oral flora was that of
Lilienthal (1956) who found that 0.01% SnF2 (25ppm F inhibited acid
production by bacteria in saliva and salivary sediment i__n vitro.
Andres et al., (1974) showed that 0.1% SnF2 used daily as a mouthrinse
reduced the number of salivary bacteria, whereas the effect of NaF at
the same fluoride concentration was negligible. Subsequent clinical
trials have found that SnF2 alters bacterial acid production (Svatun
and Attramadal, 1978; Opperman et al. 1980), has antiplaque and
antigingivitis properties (Svatun et al., 1978; Skjorkand et al.,
1978; Boyd et al., 1984), and is retained in dental plaque for up to
twelve hours (Attramadal and Svatun, 1980 ).
The mechanisms by which SnF2 alters bacterial growth and
metabolism, however, are not completely understood. Tinanoff and
Camosci (1980) showed that SnF2 reduces the ability of several oral
plaque-forming microorganisms to grow and to attach to enamel i__n
vitro. Ferretti et al., (1982) compared the various salts of fluoride
and tin on S. mutans NCTC I0449S. They found that SnF2 had the most
potent bacteriostatic and bactericidal effects with the lowest
minimum bacterial inhibitory concentration (60 ppm F ), and minimum
bactericidal concentration (125 ppm F ). They also examined the
effects of these salts and SnCl2 on culture pH and bacterial
generation time. The terminal pH was not as low for cultures
incubated with SnF2, NaF, or Na2SnF6 as for those without fluoride,
indicating that an alteration in bacterial acid production had
occurred associated with the presence of fluoride in the growth
medium. Fluoride was also noted to alter bacterial DNA and glucan
production with SnF2 having the greatest effect.
Tinanoff and Camosci (1980) observed electron dense granules,
identified as containing tin by electron microprobe analysis, in S.
mutans exposed to SnF2 In a subsequent study, Camosci and Tinanoff
(1984) showed that SnF4, PbF2, CuF2, and ZnF2 had little or no effect
on S. mutans growth. Of all the fluoride salts examined in these two
studies, only SnF2 was retained intracellularly, which suggests that
the antibacterial properties of SnF2, in part, are associated with
intracellular retention of tin.
There are suggestions in the literature that the tin ion of SnF2
may affect glycolysis. Scheie et al., (1986), using thin layer
chromatography, have examined the effects of SnF2 and NaF on the
uptake and metabolism of glucose in S. mutans. These preliminary data
suggested that SnF2 treated cells accumulated fructose-l,6-
diphosphate, glyceraldehyde-3-phosphate, glucose-6-phosphate and
fructose-6-phosphate, suggesting that stannous ions may inhibit the
glycolytic enzymes aldolase (necessary for the conversion fructose-
i, 6-diphosphate to glyceraldehyde-3-ph0sphate and dihydroxyacetone
phosphate and glyceraldehyde-3-P-dehydrogenase (necessary for the
conversion of glyceraldehyde-3-phosphate t: i, 3 diphosphoglyceric
acid).
iii) Effects of pH on the antibacterial properties of
fluoride
The increasing antibacterial effect of NaF with
decreasing pH has been well demonstrated for streptococci (Kanapka and
Hamilton, 1971; Hamilton and Ellwood, 1978; Caufield and Wannemuehler,
1982; Okuda and Frostell, 1982; Maltz and Emilson, 1982; March et al.,
1985). As previously mentioned (Eisenberg et al., 1980), part of this
greater susceptibility may be due to the formation of hydrogen
fluoride, which might readily be transported across the cell membrane.
The pH-fluoride effect, however, is not as clear for other bacteria as
it is for the streptococci. A. viscosus is relatively insensitive to
pH related NaF inhibition (Hamilton and Ellwood, 1983), but the
ability of lactobacilli to grow in the presence of NaF declines as the
pH decreases (Milnes et al., 1985).
The effect of pH on the antibacterial activity of SnF2 may be
different from that for NaF. Camosci and Tinanoff (1984) found that
SnF2 (250 ppm F below pH 4.0 has greater antibacterial activity than
above pH 4.0. Mayhew and Brown (1981) found that SnF2 (600 ppm F at
pH 5.9 is bactericidal against S. mutans in 4 hours, but at pH 7.2,
cells remain viable for up to 40 hours. Their explanation for the
greater antibacterial activity of SnF2 at pH 5.9 was based on the
following reaction-
+ 2H+ + 2F-SnF2 + 2H20 > Sn(OH) 2
This suggests that in an aqueous 01ution, SnF2 dissociates and
Sn+2 precipitates as Sn(OH) 2. Ading a base to increase the pH will
drive the reaction to the right, depleting the available tin ion by
precipitating Sn(OH)2, thereby reducing the effects of SnF2 to that of
fluoride inhibition alone.
iv) Susceptibility of various oral bacteria to fluoride
Various species of oral streptococci exhibit differing
degrees of growth inhibition in the presence of NaF. The
streptococcal species in descending order of sensitivity to fluoride
have been reported to be S. mutans (serotypes c, E, f were the most
susceptible), S. milleri, S_:. sanuis and S. mitior (Beighton and
Hayday, 1980). Bunick (1981) showed that the variations in the
glycolytic sensitivities of different streptococci to NaF are not the
consequence of any kinetic dissimilarities in their respective
enolases.
Several clinical studies (Svanberg and Rolla, 1982; Svanberg and
Westergren, 1983; Tinanoff et al., 1983 and 195) reported that there
is a possible selectivity of SnF2 against S. mutans. Theoretically,
the inhibition of acid formation by SnF2 could create an ecologic
disadvantage for S. mutans, since this organism is highly aciduric.
Acid production by plaque is ’also known to be reduced by NaF; however,
its effect may be less than SnF2 and of limited duration (Svanberg and
Rolla, 1982). Svanberg and Westergren (1983) also suggested that SnF2
may selectively reduce S. mutans in the oral cavity, because after
disinfection with SnF2, teeth may be recolonized more readily by S.
sanguis due to its greater oral reservoir. Hence, fluoride,
particularly SnF2, might affect caries by competively reducing the
level of S. mutans in dental plaque.
B. Antibacterial Tests
i Minim, inhibi.tory and minimum bactericidal
concentrations
I__n vitro susceptibility testing of bacteria has been
used for many years, especially for for prediciting the clinical
efficacy of antimicrobial agents (Gavan et al., 1971). There are three
basic methods-
i) The broth dilution susceptibility test consists of
seeding a standard inoculum in tubes of broth
containing decreasing concentrations of a drug.
After appropriate incubation, the minimum
inhibitory concentration (MIC) is determined as
the lowest concentration of the drug which
inhibits cell growth. The minimum bactericidal
concentration (MBC) can then be determined by
subculture of these tubes in the absence of
antibiotics, noting the lowest concentration of
the drug that produces no growth of the
subculture.
2 The agar dilution method requires that
antibacterials be made up in a series of
concentrations such that an appropriate volume of
stock solution added to agar achieves the desired
final concentration of the drug. Once inoculated,
the plates are appropriately incubated. The MIC
is determined as the concentration that
demonstrates complete inhibition of colony
formation.
3) The agar diffusion method uses agar plates seeded
with organisms and disks containing known
quantities of the antibiotics to be tested.
During incubation, the antibiotic diffuses into
the surrounding agar from the disk. For any given
chemotherapeutic agent, there is an approximate
linear relationship between the log MIC and
inhibition zone size for organisms with reasonably
comparable growth rates.
ii) Tolerance of bacteria to inhibitory agents.
Tolerance to an agent is expressed as the ratio of
MBC-MIC, and if this ratio is greater than 32, organisms are defined
as "tolerant" to the antimicrobial agent tested (Sabath et al., 1977).
However, this definition has not been universally accepted as growth
conditions (medium, incubation time, pH, inoculum and temperature
influence the lytic effects of antimicrobial agents. Thus, the
reported ratio for "tolerant" organisms has varied from 8 to 64.
Tolerance of oral bacteria to NaF and SnF2 treatment has not been
reported.
iii) Uses of fluoride in antibacterial tests.
Newman et al., (1979) tested the antibacterial
susceptibility of plaque bacteria to NaF, using the agar diffusion
technique. They found that Bacteroides melaninogenicus ss.
melanino@enicus was more sensitive to NaF than A. viscosus and S.
sanguis. Yoon and Newman (1980) also tested the effect of fluoride
compounds on Bacteroides melaninogenicus s__s. melaninogenicus and
Bacteroides melaninogenicus ss. intermedius and Bacteroides
asaccharolyticus. They reported that SnF2 was more effective than NaF
in killing the test organisms.
Maltz and Emilson (1982) studied the effect of several fluoride
salts on streptococci, actinomycetes and lactobacilli at pH 5.0, 6.0
and 7.0. They found that of the microorganisms tested, lactobacilli
were the most resistant to the fluoride salts with the bactericidal
concentration of SnF2 being 1778 ppm F Both the streptococci and
actinomycetes were less resistant and showed comparable sensitivities.
These investigators, however, did not analyze their question as a
function of pH, but reported mean MIC and MBC of each species without
pH definition.
Mandel (1983) determined the MIC of NaF for 22 oral species.
Actinobacillus actinomycetemcomitans, Actinomyces viscosus and
Capnocytophaga species were the most sensitie to NaF (57.6 ppm F-).
Species with intermediate susceptibility included S. mitior, B
melaninogenius, Bacteroides gingivalis, Eikenella Corrodens and
Fusobacterium nucleatum (115 2 ppm F S. sanguis, S. salivarius,
Wolinella recta and some strains of Campylobacter concisus (230.4 ppm
F and
_A. neaslundii, _A. odontolyticus and Peptostreptococcus
anaerobius (460.8 ppm F ). The least sensitive of all were strains
of
_A. israelii, B. gracilis and Veillonella parvula which were
inhibited at 921.6 ppm F
Milnes et al., 1985 compared several strains of
lactobacillus with several strains of streptococci for their abilities
to grow and metabolize glucose in the presence of fluoride (NaF). All
lactobacillus strains were much more tolerant to fluoride (2850-3800
ppm F than were the streptococci. The authors suggest that
lactobacilli have a selective advantage over the streptococci on the
tooth surface if sufficient fluoride were present in the environment.
Hamilton et al., (1985) found that L. casei was inhibited by NaF, with
this effect increasing as the pH decreased. Higher concentrations of
fluoride inhibited other oral bacteria. They suggested that this was
i0
a result of L. casei being more aciduric (optimum pH for growth 5.0-
6.5) compared to that of the other oral bacteria.
C. Electron Microscopic Interpretation of Gram (+) Bacterial
Cytoplasmic Inclusions.
i) Bacterial cytoplasmic inclusions
Many procaryotic cells contain a variety of cytoplasmic
granules that can be seen by both light and electron microscopy. The
most commonly observed are those that stain with certain basic dyes
and are variously termed volutin, metachromatic or Babes-Ernst
granules. These granules are primarily composed of polyphosphate,
often of high molecular weight. They are not membrane bound and are
quite variable in size and are believed to be formed when nutritional
conditions are not favorable to growth. Functionally, they serve as
a source of phosphates for the biosynthesis of nucleic acids and
phosphOlipids (Harold, 1966). Polyphosphates have been identified in
a variety of microorganisms (Harold, 1966), including S. mutans
(Tanzer and Krichevsky, 1970; Tinanoff and Camosci, 1980), Actinomyces
(Duda and Slack, 1972, Tinanoff and Tanzer, 1979, Lai and Listgarten,
1980), lactobacilli (Brown et al., 1968, Kakefuda et al., 1968,
Shovlin et al., 1976) and bacteriologically undefined dental plaque
(Leach and .Appleton, 1980).
Many bacterial cells also store polysaccharides as granular
inclusions. Polysaccharide granules (20-100 nm) are composed of high
molecular weight, branched polymers of glucose resembling glycogen or
amylopectin, which are not usually enclosed by membranes. Electron-
lucent granules believed to be iodophilic polysaccharides (IPS) have
been observed within the cytoplasm of cocci in plaque (Van Houte and
ii
Saxton, 1971). Dipersio et al., (1974), Shockman et al., (1976) and
Moro et al., (1986) found S. mutans has the capacity to store large
amounts of IPS. Sections of such cells appeared to be packed full of
granules, 35-65 nm in diameter, which are electron dense after
staining with periodic acid.
Somewhat more complex are the membrane-enclosed granules
containing polymers of B-hydroxybuturate. These granules are
larger than polysacharide granules and are surrounded by a single-
layered, protein membrane. They are regarded as storehouses for
energy and reusable carbon (Freeman, 1985).
ii) Heavy metals and inclusions
Heavy metal deposits, in the form of granules, have
been found in bacterial cells (Tornabene and Edwards, 1972; Beveridge
and Murray, 1976) as well as eucaryotic cells exposed to metal
compounds (Goyer et al., 1970; Skaar et al., 1973; Silverberg et
al., 1976). Simkiss (1977) suggested that granule formation may
function as a cellular route for detoxification of heavy metal ions.
Ferretti (1980) observed electron dense granules in 20% of S.
mutans cells that were incubated in Jordan’ s growth medium
supplemented with i0 ppm F- as SnF2 Cells which were incubated with
SnCl2 at equimolar tin ion concentrations to that of SnF2 had electron
dense granules in only 5% of the cells. Distorted cell shapes and
atypical coccal morphology were also noted in S. mutans cells exposed
to SnF2
Leach and Appleton (1980) studied dental plaque treated with
SnF2 (760 ppm F-) with transmission electron microscopy. Electron
micrographs of unstained sections of SnF2 treated plaque, viewed at
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16,000X, revealed the presence of electron-dense granules both inside
and outside the bacteria. Electron microprobe analysis of these
specimens indicated the presence of Sn in the granules. Tinanoff and
Camosci (1980) tested the effect of intermittent exposure of a variety
of fluoride salts at 250 ppm F and of SnCI2, at equimolar levels of
tin ion, on S. mutans growth and adherence to enamel. Camosci and
Tinanoff (1984) used these same techniques with S. mutans cells
adhering to wires. Both studies showed electron dense granules,
identified as tin by electron microprobe analysis, within the bacteria
exposed to SnF2
In summary, current evidence suggests that SnF2 has greater
antibacterial properties than NaF and these effects may be related to
the accumulation of tin within the bacterial cell. Many incompletely
understood or, as yet, unexplored areas of NaF and SnF2 interactions
with oral bacteria remain; for example, the actual mechanism by which
SnF2 affects bacterial metabolism is not known. The effects of
varying the pH on the inhibitory and bactericidal properties of
fluoride compounds is not completely understood; the comparative
effect of fluoride compounds on oral bacteria other than streptococci
needs further investigation. Furthermore, the ultrastructural changes
occurring in oral microorganisms as a result of fluoride exposure
requires further exploration. Clarification of these effects may be
possible using conventional antimicrobial testing and electron
microscopic techniques.
CHAPTER II
A. NUll Hypokheses
I) There is no difference among effects of SnF2 (0.24-500
ppm F-), NaP (0.3-5000 ppm F-) and deionized water on
growth and viability of oral streptococci, lactobacilli
and actinomycetes at pH 5, pH 5,5, pH 6 or pH 7.
2) There is no difference in bacterial ultrastructure
among SnF2, NaF or deionized water exposed strains of
oral streptococci, lactobacilli and actinomycetes.
B. Specific Objectives
1 To identify fresh isolates of several oral
streptococci, lactobacilli and actinomycetes to
enable testing of antibacterial properties of NaF and
2)
SnF2 on such fresh isolates.
To compare the effect of SnF2 and NaF
at pHs 5.0-7.0 on g#0wth and viability of fresh
isolates and laboratory stock strains of several oral
streptococci, lactobacilli, d actinomycetes.
3) To study the effect of varying the pH of SnF2 and NaF
solutions on growth and viability of the above
microorganisms.
4) To determine the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) and
tolerance (MIC/MBC) for the above microorganisms to
SnF2 and NaF at pH 5.0, 5.5, 6.0 and 7.0.
13
14
5) To observe the effects of NaF and SnF2 on these
microorganisms electron microscopically.
A. Microorganisms
Laboratory cultures and fresh isolates of several common
supragingival microorganisms were used in this study (APPENDIX I).
S. mutans strains were used because of their association with caries
initiation (Van Houte, 1980). S. sanguis and S. mitior are not
positively correlated with caries activity, but were included because
they constitute a considerable fraction of coronal dental plaque (Van
Houte, 1980). The relationship between S. salivarius and caries is
equivocal (Van Houte, 1980), but S. saiivarius was included because
it colonizes the tongue and is found in saliva. Lactobacilli were
tested as they are frequently isolated from the depths of advanced
dentinal lesions, suggesting that they are factors in the later Stages
of carious lesion development (Shovlin, 1969; Loesche and Syed, 1973;
Edwardsson, 1974). Lactobacillus casei was specifically used as it is
the Lactobacillus species which is most often recovered from carious
dentin (Loesche and Syed, 1973) and has been reported to be cariogenic
for laboratory and gnotobiotic rats (Rosen et al., 1968). A. viscosus
was used because it is a dominant organism in root surface caries
plaque (Syed et al., 1975), and studies in animals have shown that it
can initiate root surface caries as well as periodontal breakdown
(Hammond, 1972 and Jordan et al, 1972).
B. Isolation and Identification of Oral Bacteria
Fresh clinical isolates of streptococci, lactobacilli, and
actinomycetes were obtained from plaque or saliva using selective
15
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media. To differentiate among species and biotypes biochemical tests
were performed (APPENDIX II). Interpretation of the results was done
according to Bergey’s Manual of Determinative Microbiology (1974) and
DMS Rapid Strep Kit manual (DMS Laboratories).
i Streptococci
Mitis salivarius agar (M Difco), (Chapman, 1946),
supplemented with 0.001% potassium tellurite was used as a partially
selective medium for oral streptococci. Mitis salivarius agar with
bacitracin (MSB, Difco) (Gold et al, 1973) was used as a selective
medium for S. mutans. Streptococci were further identified by Gram
stain and B-hemolysis when grown on blood agar. For example, Gram(+)
cocci growing in chains and showing no B-hemolysis could be correctly
identified as streptococci.
In order to discriminate among streptococcal species, their
colony morphologies when grown on MS agar were compared, coupled with
a number of biochemical tests (Appendix II). For some of the species,
Rapid Strep Kit (DMS Laboratories), a microbiological diagnostic kit
for identification of streptococcal spedies, was used (Appendix II).
S. mutans and S. sobrinus colonies were identified on MSB agar as
hard, circular, umbonate, opaque, frosted glass colonies. S.
sobrinus TM-I, was further characterized by its ability to ferment
mannitol and sorbitol and its inability to produce ammonia from
arginine or to hydrolyze esculin. Such colonies have been assumed to
be a S. mutans species which have been traditionally described as a
serotype d (Bratthall, 1970; Shklair and Keene, 1974) but more
recently described as So sobrinus (Coykendall, 1977). S. mutans KM-I
fermented mannitol, sorbitol, lactose, trehalose, inulin, raffinose,
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melibiose, sucrose and hydrolyzed esculin, but not arginine and it was
identified as S. mutans serotype c (Bratthal, 1970; Shklair and Keene,
1974) or a "S. mutans" by Coykendall, 1977.
S. sanguis UC4538 (biotype I, Facklam, 1977), was characterized
on MS agar as soft, circular, slightly convex, and gray semimatte
colonies. It fermented lactose, hydrolyzed esculin and produced
ammonia from arginine (Appendix II).
S. mitior KM-2, presented on MS agar as soft, circular, flat,
gray semimatte colonies. It produced B-hemolysis on blood agar and
fermented lactose and sucrose but did not hydrolyze esculin or
produce ammonia from arginine (Appendix II).
S. salivarius KS-I was isolated on MS agar as soft, large,
circular, raised, glistening, opaque, mucoid colonies. It fermented
lactose, trehalose, inulin, raffinose, sucrose and hydrolyzed esculin,
but did not produce ammonia from arginine (Appendix II).
ii Lactobacilli
Lactobacilli were isolated on Rogosa’s selective agar (LBS,
Baltimore Biologic Laboratories) (Rogoa et al., 1951) using an agar
overlay technique to facilitate microaerophilic conditions. Plates
were incubated at 37C, 5% CO2 (candle jar) for four days and were
then inspected for growth. Colonies were small, circular, opaque,
white and soft. Cells were Gram (+) rods with square ends and there
was no B-hemolysis on blood agar after incubation at 37C for i day.
L. casei strain KL-I was identified as resembling L. casei as it
fermented inulin and sucrose and hydrolyzed esculin, but did not
produce ammonia from arginine (Appendix II).
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i i i Actinomycetes
Isolates of
_A. viscosus, incubated for four days in a candle
jar environment on CNAC-20 agar (Ellen and Balcerzak-Raczkowski,
1975), grew as circular, raised, opaque, white, soft colonies. Gram
staining revealed Gram (+) bacilli; and incubation of isolates on
blood agar revealed no B-hemolysis after growth for 24 hours in a
candle jar environment. Since only
_A. viscosus is catalase positive,
this test was used to separate A. viscosus from A. neaslundii strains
growing on the same selective medium. Furthermore, A. viscosus KA-I
fermented inulin, raffinose and sucrose and hydrolyzed esculin.
C. Culture Maintenance
Bacterial cultures were maintained at -70C and as working
cultures kept at 40C. These latter cultures were transferred monthly
in fluid thioglycolate medium (Difco), supplemented with 20% (vol/vol)
beef extract (Difco) and excess CaCO3. Frozen cultures were
transferred every six months in fluid thioglycolate medium. Purity of
the cultures was checked monthly on blood agar, and on the appropriate
selective media and by Gram stain.
D. Fluoride Co.pouters
For MIC/MBC tests, two-fold, serial solutions of NaF and
SnF2 were made using sterile water prior to adding growth medium and
inoculum. A stock, 6.8% (w/v)NaF solution (31000 ppm F-), (Ozark
Mahoning Corp.) was prepared monthly and stored at 4C. A stock,
(1.25% (w/v) SnF2 solution (3100 ppm F ), (Ozark Mahoning Corp. was
prepared one hour prior to use to minimize the precipitation of the
stannous ion. Both stock NaF and SnF2 were prepared with sterile,
deionized water and were stirred vigorously before use. Concentration
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of the fluoride ions in both stock solutions was verified using a
fluoride electrode connected to a digital electrometer (Orion
Research, Model 601A).
E. Medium for MIC and MBC Tests
Jordan’s growth medium (Jordan et al., 1960) supplemented with
Na2CO3 was initially used for the bacterial growth studies; however,
when SnF2 was added to the medium, a precipitate formed. The
precipitate, the density of which depended on the concentration of the
SnF2, inhibited visual inspection for bacterial growth (MIC). The pH
(6.2-7.2) of NaF stock solution was found to be similar to the pH of
deionized water and, therefore, it did not affect the pH of the growth
medium. However, the pH of freshly made SnF2 stock solution was
acidic (2.7) and affected the pH of the gro-h mediu depending on the
amount of SnF2 added (Appendix III). It was not possible to increase
the pH of the stock snF2 solution with 0.i NaOH as a precipitate would
form.
To resolve the precipitation and pH problems with the SnF2
solutions, a series of experiments were performed to determine the
optimum concentration of each of the constituents in Jordan’s growth
medium and the buffer system which best suited the pH targeted for the
study.
By reducing the concentration of trypticase peptone and yeast
extract in the growth medium, less precipitation of SnF2 was observed.
These two ingredients were decreased to 1.5 g. and per liter from 5 g.
per liter, a concentration which reduced precipitation of SnF2, but
did not visually interfere with bacterial growth and
Jordan’s medium contains phosphates which give the medium an
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effective pH buffer range of 5.8 to 7.8. Since experiments were to
include pHs below 5.8, acetate buffer (0.05M), with an effective
buffering range between pH 4.2-6.2, was selected for those experiments
conducted at pH 5.0. The acetate buffer consisted of acetic acid
(0.05M) and sodium acetate (0.05M) at a ratio of 2/5, which, when
added to the growth medium, gave a final pH of 5.0.
Agar (0.75 g/l) was also incorporated into the growth medium to
facilitate MIC readings. The agar increased the viscosity of the
broth causing bacterial growth to occur in the suspension rather than
at the bottom of the tube. The addition of agar did not appear to
increase the precipitate or alter the pH of the growth medium-fluoride
dilutions.
The modified medium thus contained:
Trypticase Peptone
Yeast extract
Na?CO-
K2HPO
Aar
Sodium Acetate
Acetic Acid
Sucrose
I. 5 g/l
0.06 g/l
5.0 g/l
0.75 g/l
4.85
0.82 ml/l
50.0 g/l
A further difficulty encountered was that the pH of the growth
medium varied in the tubes containing different concentrations of SnF2
(Appendix III). In order to adjust the pH, each dilution of the stock
SnF2 had to .be adjusted individually to the appropriate pH by adding
growth medium of a more alkaline pH (Appendix IV).
F: Dilution Method and Inoculum
A one ml sample from the stock solutions (NaF, 31,000 ppm F- or
SnF2, 3100 ppm F was serially diluted using sterile techniques in
12ram x 17mm polystyrene tubes containing 1 ml of sterile, deionized
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water. Following the dilutions, 2 ml of modified Jordan’s medium was
added to each tube to produce dilutions ranging from 0.3 to 5000 ppm
F for NaF, and 0.24 to 500 ppm F for SnF2 (/pendix V). In the NaF
experiments modified Jordan’s medium at pH 5.0, 5.5, 6.0 and 7.0 was
used as the growth medium but in SnF2 experiments, a modified Jordan’s
medium with a more alkaline pH was needed for some of the SnF2
dilutions (Appendix IV).
Each of the tested organisms was initially adapted to grow in
modified Jordan’s medium at pH 5.0, 5.5, 6.0 and 7.0, under
microaerophilic conditions at 37C. The turbidity of each culture was
measured spectrophotometrically (Bauch and Lomb, Spectronic 20), at
550 nm and the culture Was then diluted to produce an inoculum of
approximately 500 x 105 CFU/ml. which served as a stock culture. The
tubes, containing the fluoride dilutions and growth medium, were then
inoculated with 0.i ml of the appropriate stock culture.
G. Minimum Inhibitory Concentration (MIC)
Turbidity measurements were taken after incubation at 37C, for
24 hours at pH 6.0 and 7.0, or 48 hours at pH 5.0 and 5.5. Minimum
inhibitory concentration (MIC) was defined as the lowest concentration
of an agent which resulted in the failure of the test strain to grow
(Barry, 1976).
H. Minimum Bactericidal Concentration (MBC)
Blood agar plates and appropriate selective media plates were
inoculated with SnF2 or NaF exposed bacteria, starting with log2
concentrations higher than the MIC value for the specific organism at
each respective pH. The plates were incubated in a candle jar at 37C
for either 24 or 48 hours and then inspected for growth using a stereo
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microscope. Minimum bactericidal concentration (MBC) was defined as
the lowest concentration of the fluoride agent which, after incubation
for 24 hrs (pH 6.0 and 7.0) or 48 hrs (pH 5.5 and 5.0), resulted in no
growth. Culture purity was confirmed by the selective agar plates.
I. Tolerance
The ratio of MBC/MIC gave a measure of the tolerance of each
species of microorganism to the specific fluoride treatment at pH 5.0,
5.5, 6.0 and 7.0.
J. Controls for MIC, MBC
Two different groups of controls were used, one contained no
fluoride and the other contained no inoculum. Thus, for each
microorganism, there were four inoculated controls, one for each pH.
These controls contained 2 ml modified Jordan’s medium, 1 ml sterile
deionized water and 0.I ml of inoculum (500 x 105 CFU/ml), but no
fluoride (Appendix V). The purpose of these controls was to test for
growth and viability of the organism at each pH, as well as for the
purity of the inoculating culture and the sterility of the culture
tubes and solutions. Growth was estimated visually and
photometrically. Blood and appropriate selective agar plates were then
inoculated with the incubated controls to determine viability and
purity. Characteristic colonies of each microorganism were identified
on the selective agar and then a Gram stain was performed.
Uninoculated controls were used in every SnF2 experiment to
discriminate between culture turbidity resulting from bacterial growth
and turbidity resulting from precipitation of insoluble substances
(Appendix V). To assess the MICs in the SnF2 experiments, inoculated
tubes were compared to the uninoculated control at the respective
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fluoride concentrations.
K. Statistical Analysis
Microorganisms were classified into 5 groups (Appendix VI).
Due to variance of growth, each experiment was repeated at least
once. In order to assess the reproducibility of the MIC, MBC
techniques, six concurrent experiments were carried out using one
organism (ATCCI0558). The MIC, MBC values, and tolerance (MBC/MIC)
obtained were then transformed logrithmically and the mean and
standard deviation calculated. Repeated trials with acceptable values
were those that had results no more than two standard deviations apart
(for explanation, see Appendix XI).
Three way analysis of variance was performed to test for
statistically significant differences between the means of two
fluoride treatments and to detect differences between the different
groups of organism tested. Multiple comparisons (Tukey) were used to
identify interactions.
L. Electron Microscopy
To prepare specimens for electron microscopy, the MIC
experiment was performed as described above at pH 6.0, for S. sobrinus
BI3, A. viscosus MI00 and L. casei L-202. In order to produce enough
organisms for embedding, the volume of the growth medium containing
fluoride was increased to 60 ml instead of 3 ml, and the inoculum was
adjusted to 2 ml instead of 0.i ml. Five samples of each
microorganism were processed for electron microscopy including two at
and below the MIC for NaF, two at and below the MIC for SnF2, and one
with no fluoride to serve as a control. All specimens were fixed at
2% glutaraldehyde (Sabatini et al., 1963) in i00 mM sodium cacodylate
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buffer, pH 7.2, for 1-5 hours and then washed with the same buffer.
Specimens were then postfixed with 2% osmium tetroxide (Kellenberg et
al., 1958) in i00 mM sodium cacodylate buffer, pH 7.2, for 1-5 hours,
then washed three times with distilled water for i0 minutes each and
incubated in 0.05% dimethylsulfoxide (0.5%) (Sigma) for 1 hour to
facilitate infiltration of the resin before washing with distilled
water again. Samples were then serially dehydrated in ethanol,
infiltrated in a i:i mixture of propylene oxide:epon resin "(Luft,
1961) and placed in fresh resin and polymerized 24-36 hours at 60C.
Thin sections were cut with a Sorval MT2-B ultramicrotome (Sorval
Company, Norwalk, CT) using a MJO CO diamond knife (Electron
Microscopy Sciences). S’iver-gold sections were either examined
after staining with 2% (w/v) aqueous uranyl acetate (Watson, 1958)
followed by 1% (w/v) lead citrate (Reynolds, 1963) or unstained at
80KV with a Zeiss EM model I0 at magnifications ranging from X5000 to
X63000.
CHAPTER IV
RESULTS
A. MIC, MBC
i) MIC and MBC values outside the test range
MBC values above the highest concentration of fluoride
tested, 5,000 ppm F NaF, or greater than 500 ppm F SnF2, were
obtained for several organisms at all pHs (Appendices XII, XIII).
For statistical analysis these values were estimated as 5,000 ppm F
(NaF) or 500 ppm F (SnF2).
No MIC values i.e., values below the lowest concentration of
fluoride tested) were obtained for several organisms at pH 5.0 and 5.5
(Appendices XII, XIII ). ’These data are represented as N.D. (not
determined) in Appendix IX. In order to discriminate between pH
inhibiting effect and fluoride antibacterial effect for these
microorganisms at pH 5.0 and 5.5, they were grown at pH 5.0 or pH 5.5,
with no fluoride (Appendix VII). At pH 5.0, only S. sobrinus
strains BI3 and 6715-13WT, S. salivarius strain 13419R and L. casei
strains L202 and LR-I visibly grew in the inoculated controls. Most
other organisms tested, however, were viable at this pH. The only
organism that did not survive was S. salivarius KS-I. At pH 5.5, most
organisms were able to grow and were viable in the inoculated
controls, except S. mitior KM-2 and A. viscosus KA-I.
ii) Antibacterial effects of SnF2 and NaF
At pH 7.0 and 6.0, SnF2 was a more effective
bacteriostatic (MIC) and bactericidal agent (MBC) for all organisms
tested than NaF at the same fluoride concentration. For example, for
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mutans streptococci (fig. i), the mean MBC for NaF at pH 7.0 was 1,621
ppm F-; the mean MBC for SnF2 at pH 7.0 was 120 ppm F- (p<0.001). The
ratio between these two treatments, ie. the tolerance, at pH 7.0 was
13:1 (Appendix VIII). The differences between the two agents
decreased with pH and at pH 5.0 both treatments had similar effects.
The an IC for NaF and SnF2 at pit 5.5 was 43.6 pl: F and 20.8
F respectively, producing a ratio of 2:1 (Appendix VIII).
iii) Effect of pH on fluoride sensitivity.
Bacterial inhibition due to both SnF2 and NaF
treatments increased and viability decreased with decreasing pH
(p<0.05) but, the effect .was more evident for the NaF treated
bacteria. The pH effect was more pronounced with the A. viscosus
strains which were relatively insensitive to fluoride at pH 7.0. For
example, the NaF treated cells exhibited a MIC at 883 ppm F- and a MBC
of >5000 ppm F at pH 7.0, but showed complete inhibition at pH 5.0
(fig. 3). S. salivarius strains which were tested were also
insensitive to fluoride at pH 7.0 (NaF, MIC 2250 ppm F MBC >5000 ppm
F ), but at pH 5.0 their sensitivity to fluoride increased markedly
(NaF, MIC 0.9 ppm F NaF, MBC 3.6 ppm F (Appendix IX). L. casei
strains exposed to fluoride were the least affected by the alteration
of pH (fig. 4).
iv) of the differents of organisms to
fluoride treatment---
Among the different groups of organisms tested the
least sensitive to fluoride was L. casei (p<0.05). L. casei was
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viable even at the highest concentration of NaF (5000 ppm F at all
pHs and at the highest concentration of SnF2 (500 ppm F at pH 7.0
(fig. 4). However, at pH 6.0, 5.5 and 5.0, SnF2 was lethal for the
L. casei strains. The most sensitive group of organisms exposed to
fluoride treatments at pH 6.0 and 7.0 were the mutans streptococci
(fig. I) and non-mutans streptococci (fig. 2), followed by the A.
viscosus strains (fig 3) At pH 5.0 and 5.5, however, all three
groups had similar sensitivity. It should be noted also that mutans
streptococci (fig. i) were affected more by both fluoride agents than
the group "all organisms except mutans streptococci" (Appendix IX).
The inhibitory effect was especially noticeable at pH 5.0 and 5.5
(p<0.05). The non-mutans streptococci (S. sanguis, S. mitior and S.
salivarius) also had similar sensitivities to both fluoride treatments
at pH 5.5 and 6.0; but at pH 7.0, S. salivarius was insensitive to
NaF. At pH 5.0 NaF treated S__. Suis was more insensitive to NaF
than S. salivarius or S. mitior strains. Sensitivity to SnF2 at pH
5.0 was very similar for all of these organisms tested and within the
mutans streptococci group (S. mutans and S. sobrinus) there were
similar sensitivities to both fluoride treatments.
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Mutans Streptococci
NaF
pH
FIGURE I The effect of varying the pH of the growth medium on
the mean MIC and MBC of NaF and SnF for Mutans
Streptococci. The MIC and MBC are lotted
semilogarithmicalIy as a function of pH. Becauee
experiments were done only at pHs 5.0, 5.5, 6.0,
and 7.0, points are connected with a broken line.
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5000.0
Non-mutans Streptococci
NaF
5.0 5.5 6.0 7.0
pH
FIGURE 2: The effect of varying the pH of the growth medium on the
mean HIC and HBC of NaF and SnF for Non-Hutans
Streptococci. The HIC and MBC2aro plotted
semilogarithmically as a function of pH. Because
experiments were done only at pHs 5.0, 5.5, 6.0,
and 7.0, points are connected with a broken line.
A > sign represents that the organism was viable even at
the highest concentration tested.
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5000.0
2500.0
1250.0
625.0
312.5
156.2
78.1
39.0
19.5
9.7
4.8
2.4
1.2
0.6
0.3
A. viscosus
5.0 5.5 6.0 7.0
pH
FIGURE 3: The effect of varying the pH of the growth
medium on the
mean MIC and MBC of NaF and SnF2 for A.
viscosus.
The MIC and MBC are plotted semzlogarhally as a
function of pH. Because experiments were done only at
pHs 5.0, 5.5, 6.0, and 7.0, olnts are connected with
broken line. A > sign represents that the organism was
viable even at the highest concentration tested.
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5000.0
2500.0
1250.0
625.0
312.5
156.2
78.1
39.0
19.5
9.7
4.8
2.4
1.2’
0.6
0.3
L. casei
NaF
5.0 5.5 6.0 70
pH
FIGURE 4: The effect of varying the pH of the growth medium on the
mean HIC and MBC of NaF and SnF2 for L. case i. TheHIC and HBC are plotted semilogarlthmlcally as a
function of pH. Because experiments were done only at
pHs 5.0, 5.5, 6.0, and 7.0, points are connected with a
broken line. A > sign represents that the organism was
viable even at the highest concentration tested.
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B. Tolerance (BC/FIC) of Bacteria to Fluorides
The highest tolerances to fluoride were observed with NaF
treated cells at the lower pHs (Appendix X). The range of tolerance
for NaF treatment was 18.1 to 1.4; the L. casei strains at pH 5.5 had
a tolerance of 18.1 and the S. sobrinus strains at pH 5.5 had a
tolerance of 1.4. In general, tolerances to SnF2 treatment were much
lower than the ones observed for NaF ranging between i0 to i. The
highest tolerance observed with SnF2 treatment was with S. mutans
strains at pH 5.0 and the lowest tolerance for S. salivarius was at pH
5.0 and 6.0.
Tolerance to NaF treatment was similar among all streptococci and
A. viscosus tested (fig. 5,’ 6, 7; Appendix X) but it was greater for
L. casei (fig. 8) (p<0.05). Tolerance to SnF2 treatment was similar
between the A. viscosus and L. casei strains (fig. 7, 8) but it was
lower for all streptococci (fig. 5, 6) (p<0.05). The S. mutans
strains showed higher tolerances than the S. sobrinus strains for both
treatments (p<0.01).
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19.5
Mutans Streptococci
LU
z 2.4
1.:20
5.0 5.5 6.0
pH
Tolerance
IGURE 5 The effect of varying the pH of the growth medium on
the mean tolerance (HBC/HIC) of Humans Streptococc to
NaF and SnF_. The tolerance is plotted
semilogaritmically as a function of pH. Because
experiments were done only at pHs 5.0, 5.5, 6.0, and
7.0, points are connected with a broken line.
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19.5
uJ
z 2.4
1.:2O
Non-mutans Streptococci
Tolerance
pH
FIGURE 6 The effect of varying the pH of the growth medium on the
mean tolerance (MBC/HIC) of Non-Mutans Steptococci to
NaF and SnF The toleranc is plotted
semilogarltically as a function of pH. Because
experiments were done only at pHs 5.0, 5.5, 6.0, and
7.0, points are connected with a broken line.
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19.5
A. viscosus
4.8
0.1 ."/
),
pH
Tolerance
FIGURE 7 The effect of varying the pH of the growth medium on
the mean tolerance (MBC/MIC) of A. viscosus to NaF and
SnF 2. The tolerance is plotted semilogarithmically asa function of pH B cause experiments were done only at
pHs 5.0, 5.5, 6.0, and 7.0, points are connected with a
broken line.
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19.5
uJ
L. casei
Tolerance
5,0 55 6.0 7.0
pH
FIGURE 8 The effect of varying the pH of the growth =ediu= on
the mean tolerance (MBC/MIC) of L. c_ase! to NaF and
SnF The tolerance is plotted semilogarithmically as
a f2unction of pH. Because experiments were done only
at pHs 5.0, 5.5, 6.0, and 7.0, pon%s are connected with
a broken line.
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C. Ultrastructure of selected oral bacterial isolates exposed to
fluoride
Electron micrographs of the S. sobrinus, strain BI3, that
were not exposed to fluoride (controls) during growth, had the typical
morphology of streptococci (Plate #i). Cells were round, arranged in
chains or clusters, and their cell walls were readily discernible. On
the surface of the cells a "fuzzy coat" was visible and extracellular
material appeared to be radiating from the cells. Mesosomes were
apparent in some dividing cells and no intracellular inclusions were
evident. Cells cultured with NaF (39 ppm F resembled the controls
(Plate #5).
The S. sobrinus cultured with SnF2 (7.8 ppm F or 31.2 ppm F
had intracellular electron-dense areas, in both stained and unstained
sections (Plate #3, and #4). The electron dense material was
discernible at the lower magnifications but was much more obvious in
higher magnifications. The electron dense areas were ovoid,
approximated the cell membrane, and were diffuse on the edges facing
the cytoplasm. They appeared singularly but occasionally multiple
structures were found in the same cell. Their size ranged between 60-
200 nm. Diffuse electron dense areas were seen more often in the
cells treated with higher concentrations of fluoride (31.2 ppm F ).
S. sobrinus cells treated with 7.8 ppm F (Plate #4) frequently
contained electron dense areas within mesosomal structures. These
intracellular dark areas were denser, more discrete and smaller than
the electron-dense areas located at the cytoplasmic edge. These most
often appeared as multiple, round inclusions within the same mesosome;
however, they were occasionally larger, oval or multilobular. S.
sobrinus cells treated with the lower SnF2 concentration (Plate #4b),
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occasionally contained oval, encapsulated electron dense areas (30-40
nm in diameter), which appeared isolated within the cytoplasm.
Electron micrographs of the A. viscosus, M-100 cells, all showed
the typical morphology of the genus (Plate #6). Cells generally
appeared as rods but were occasionally pleomorphic. The cell wall
appeared to be widened and the cytoplasmic membrane could be seen. On
the surface of the cells, a fuzzy coat was visible and occasionally,
extracellular material appeared to be radiating away from the cells
into the intercellular space. This material was not as readily
apparent as the extracellular material seen in S. sobrinus cells
tested. Mesosomes were seen in a few dividing cells. Intracellular
inclusions were noted more often in disintegrating cells in both the
stained and unstained sections. The inclusions appeared as diffuse
electron dense areas in, or on the cells. They were located within the
cytoplasm, in thickened areas of the cell wall or outside the cells in
approximation with the cell wall. They were non encapsulated,
rounded or oval and their size varied from 40-100 nm in diameter.
Electron micrographs of the two L casei NaF treated samples
(312.5 ppm F 156.2 ppm F and two SnF2 treated samples (62.5ppm F
15.6 ppm F-) were not different from the control with respect to their
ultrastructure Plate #7 ). They appeared as rod shaped bacteria
with a cytoplasm densely packed with ribosomes which were clearly
visible even in unstained sections. The cell wall appeared thick,
the cytoplasmic membrane was discernible, but the fuzzy coat on the
surface of the cells and the extracellular material could barely be
distinguished. Small mesosomes were seen in some dividing cells.
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PLATE #i
Electron micrographs of S. sobrinus BI3, cultured in modified
Jordan’s growth medium with sucrose at pH 6.0. In Figure a,
note the arrangement of cocci in chains and the abundance of
extracellular material. In Figure b, observe the thick cell wall
with the fuzzy coat and intracellular mesosomes (uranyl acetate,
lead citrate).
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Electron micrographs of A. viscosus M-100, cultured in Jordan’s
growth medium (5% sucrose) at pH 6.0. In Figure a, cells show
pleomorphism; electron dense areas and some extracellular material
can be seen. Insert b, is a detail from Figure_a. In insert c,
cells were incubated with NaF (156.2 ppm F extracellular
eleCtron dense material is in approximation with the cell
membrane. In insert d, cells were also incubated with NaF (156.2
ppm F but electron dense material is located within a thickened
area of the cell wall. Mgnification factor for inserts b, c and
d is the same. Uranyl acetate lead citrate. Insert e, is an
unstained section of cells incubated with NaF (156.2 ppm F-).



CHAPTER V
DISCUSSION
In the present i__n vitro investigation, SnF2 was found to be a
more effective antibacterial agent than NaF for all organisms tested
at pH 7.0, 6.0, and 5.5. This finding is in agreement with several
i__n vitro studies (Yost and Van Denmark, 1978; Tinanoff and Camosci,
1980; Mayhew and Brown, 1981; Ferretti et al., 1982; Maltz and
Emilson, 1982; Camosci and Tinanoff, 1984) and a small number of in
vivo studies (Andres et al., 1974; Killian et al., 1979; Svanberg and
Rolla, 1982; Tinanoff et al., 1983).
Generally, bacterial inhibition by both NaF and SnF2 increases
with decreasing pH, but in the present study we found this effect to
be most evident for the NaF treated bacteria. This latter observation
supports data showing that acidifying solutions containing NaF
enhances antimicrobial properties (Sandham and Kleinberg, 1969;
Kanapka and Hamilton, 1971; Hamilton and Ellwood, 1978; Beighton and
Hayday, 1980; Eisenberg and Marquis, 1980; Caufield and Wannemuehler,
1982). The antibacterial properties ofSnF2 are said to be enhanced,
to a lesser degree, at low pHs (Gray et al., 1958; Mayhew and Brown,
1981; Maltz and Emilson, 1982; Camosci and Tinanoff, 1984). The
reason for the difference between bacterial sensitivities to NaF and
SnF2 at different pHs is not readily apparent from the present study.
Analysis of the antibacterial effects of fluoride on specific
species showed that L. casei strains were the most resistant organisms
to both NaF and SnF2. The insensitivity of L. casei found in this
study agrees with previous i__n vitro reports by Edgar (1981) and Maltz
and Emilson (1982), and clinical trials, Tinanoff et al. (1983);
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Svanberg and Westergreen, (1983) and Keene et al. (1984). The
insensitivity of L. casei to fluoride at acidic pHs, compared to the
other oral species, is believed to be due to its greater acidophilic
properties (Hamilton et al., 1985).
The most susceptible organisms to both fluoride treatments were
the S. mutans andS sobrinus strains Thisapparent selective effect
of fluoride against mutans streptococci i__n vitro, could possibly
explain findings of several clinical trials which have reported that
mutans streptococci were selectively inhibited by SnF2 treatment
(Tinanoff et al., 1983; Svanberg and Westergren, 1983; Potter, 1984;
Vierrou et al., 1986). In this investigation, it was found that S.
mutans and S. sobrinus had similar susceptibilities to both fluoride
treatments, but Beighton and Hayday (1980) reported that S. mutans was
affected more by NaF treatment at pH 7.0, 6.5 and 6.0 than S.
sobrinus. Maltz and Emilson 1982 reported completely opposite
findings.
With regard to the other streptococci tested, S. sanguis, S.
mitior and S. salivarius had similar susceptibilities to both NaF and
SnF2 at pH 5.5 and 6.0, as also reported by Mandel (1982). However,
other authors have found S. mitior to be more insensitive to NaF than
S. sang,is (Beighton and Hayday, 1980).
A_:. viscosus strains were moderately fluoride susceptible
although their susceptibility varied markedly as the pH of the growth
medium fluctuated. Others have reported that A. viscosus and A.
neaslundii are relatively insensitive to NaF or SnF2 at pH 6.0 and 7.0
as compared to the streptococci. (Maltz and Emilson, 1982).
Tolerance (MBC/MIC) of bacterial species to fluoride treatment,
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has not been previously reported probably because fluoride generally
has not been regarded as an antimicrobial agent. Tolerance to NaF
treatment was greater than that for SnF2 which suggests that NaF is a
less effective antibacterial agen than SnF2. With regar to specific
species, L. casei was rather tolerant to NaF in cultural conditions
between 5.0 5.5. Unexplainably, tolerance to SnF2 at. low pH values
was not increased for is organism. S. .tans, in acidic cultural
conditions, was the only other organism that showed increasing
tolerance to fluoride. S. mutans had a tolerance value of ]0 for both
NaF and SnF2 in cultural conditions of of pH 5.0. Perhaps the noted
higher tolerance of L. casei and S. mutans to fluoride at low pH is
related to the known aciduric prol:rties of t.hese two organis..
Electron microscopic evaluation of bacteria exposed to NaF or
SnF2, showed ultrastructural changes which could be related to those
found in the antibacterial trials. Only S. sobrinus had
ultrastructural changes attributed to exposure to SnF2. Electron
micrographs of S. sobrinus cells, cultured in media containing 7.2 and
31.2 ppm F as SnF2, had intracellular electron dense inclusions.
hree types of electron dense areas were apparent in the S.
sobrinus cells exposed to SnF2. One type, most often seen in cells
treated with higher SnF2 concentration 31.2 ppm F-),
characteristically appeared as a diffuse electron dense area
approximating the plasma membrane. Another type of electron dense area
was found within mesosomal stuctures. These smaller electron dense
areas were most often seen in cells treated with the lower SnF2
concentration (7.2 ppm F )o The third type of electron dense areas
were encapsulated in a membrane structure which was seen in -both
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higher and lower SnF2 concentrations tested. This third type may be a
variation of the ones within mesosomal structures.
The intracellular retention of tin may be associated with the
antibacterial properties of SnF2. The apparent condensation of the
tin into intracellular granules had been suggested as an attempt by
the bacteria to reduce the harmful effects of this foreign ion
(Simkiss, 1977). It can be speculated that at the lower SnF2
concentrations tested, bacteria are capable of detoxifing tin by
encapsulating it into membrane bound structures; whereas, the higher
concentrations of SnF2 makes encapsulation by the bacteria impossible.
The above electron microscopy findings for S. sobrinus cells
treated with SnF2 are in accordance with previous investigations,
using S. mutans, serotype c (Ferretti, 1980; Tinanoff and Camosci,
1980; Camosci and Tinanoff, 1984 and mixed plaque (Leach and
Appleton, 1980). These studies identified similar granules in SnF2
treated cells which were verified as tin by electron microprobe
analysis. Previous investigators however, did not discriminate
betwee types of electron dense areas.
Increased numbers of intracellular electron-lucent holes in cells
exposed to SnF2 have been previously reported, and have been suggested
to be compatible with the artifact seen when bacterial polyphosphates
are examined with electron microscopy (Ferretti, 1980; Tinanoff and
Camosci, 1980; Camosci and Tinanoff,1984). Bacterial polyphosphates
are believed to be formed in cells when conditions are not favorable
for growth (Harold, 1966). In the present investigation
polyphosphate may not have been produced, since the concentration of
SnF2 that the S. sobrinus was exposed to, was not as high as previous
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studies.
The ultrastructure of A. viscosus M-100 appeared comparable to
the ultrastructure previously described (Duda and Slack 1972, Girard
and Jacius 1974). Unexpectedly, all samples (SnF2, NaF and control)
in stained and unstained sections contained diffuse nonencapsulated
electron dense areas within, the cytoplasm, or extracellularly in
approximation to the cell membrane. Intracellular electron-dense
inclusions believed to be polyphosphates have been reported in cells
of A., viscosus, (Duda and Slack, 1972). Perhaps the modified
Jordan’s growth medium, used in this study, favored the formation of
electron dense polyphosphates for the A. viscosus cells.
The present i__n vitro studies suggest that SnF2 has more
antibacterial activity than NaF. The mechanisms of antibacterial
action may be different for these two fluoride compounds. NaF is
thought to interfere with carbohydrate metabolism, (Warburg and
Christian, 1941) (Hamilton, 1969; Sandham and Kleinberg, 1969;
Kanapka and Hamilton, 1971; Schachtele and Mayo, 1973; Wegman et al.,
1984). Proposed mechanisms for theantibacterial effect of SnF2
appear to differ from those for NaF.
The antibacterial effects of fluoride were most apparent in
streptococci and hardly evident in lactobacilli. The finding of
encapsulated electron dense accumulation in the S. sobrinus species,
but not Actinomyces and lactobacilli suggests that the intracellular
accumulation of tin within certain bacterial species is associated
with the antibacterial effect. Further investigation is necessary to
explore the mechanisms of tin transport into certain oral isolates.
CHAPTER VI
CONCLUSIONS
The present in vitro investigation examined the sensitivity of
several oral streptococci, lactobacilli and Actinomycetes to NaF and
SnF2. Furthermore, electron microscopic evaluation of representative
strains of the above organisms was performed to see if ultrastructural
changes of SnF2 treated bacteria, correlated with their .growth
inhibition.
The following conclusions were drawn:
io SnF2 has more antibacterial effects than NaF at pH 6.0 and 7.0.
The .differences between the two agents were not significantly
different at pH 5.5 and at pH 5.0.
Bacterial inhibition by both fluoride compounds increased with
decreasing pH, with the effect being more evident in NaF
treated bacteria.
3. The sensitivity of strains to fluoride at low pH was more evident
in A. viscosus and least evident in L. casei than other strains
tested.
Different species were inhibited at different levels of
fluoride treatment, however, their tolerance to fluoride was
similar for both SnF2 and NaF treatment.
At pH 5.0 and 5.5, S. mutans and S. sobrinus were affected more
by SnF2 and NaF treatment than the other organisms tested.
Bacterial tolerance (MBC/MIC) to NaF treatment was greater than
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to SnF2
S. sobrinus cells exposed to SnF2 contained intracellular
electron dense inclusions. The higher the concentration of
SnF2 the more diffuse they appeared; the lower the
concentration of SnF2, the more circumscribed. L. casei or A.
viscosus SnF2 treated cells did not have similar inclusions.
So All samples of A. viscosus showed nonencapsulated electron dense
areas in the cytoplasm, within thickened areas of the cell
wall, or extracellularly.
CHAPTER VII
APPENDICES
APPENDIX I
MICROORGANISMS
A" STREPTOCOCCI
I. S. mutans
2. S. sobrinus
3. S. sanguis
NCTC I0449S *
Ingbritt-1600 *
KM-I **
6715-13WT *
BI3 *
TM-I *
(biotype I, Facklam, 1977)
ATCC 10588 *
UC 4538 #
4. S. mitior ATCC 9811 *
KM-2 **
5. S. salivarius ATCC 13419R *
KS-I **
B: ACTINOMYCETES
A. viscosus M-100 +
KA-I **
C: LACTOBACILLI
L. casei L-202 ++
KL-I **
* Provided by Dr. J. Tanzer
+ Provided by Dr. H. Jordan
++ Provided by Dr. R. Fitzerald
# Provided by Dr. A. Coykendall
** Fresh isolates.
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APPENDIX I I I
pH and OD readings (600nm) obtained when modified Jordan’s medium was
added to the first 4 dilutions of SnF. pH of stock SnF9 solution was
2.7. This table presents the decreas of pH occurring, (ith the
addition of the SnF2 dilutions to the growth medium.
DILUTION 1 2 3 4
ppm F 500 250 125 62.5
INITIAL pH
OF MEDIUM
5.0 final pH 4.3 4.6 4.8 5.0
* OD 1.4 0.8 0.24 0.07
5.5 final pH 4.9 5.2 5.2 5.4
* OD 1.25 0.5 0.15 0.07
6.0 final pH 5.2 5.3 5.6 5.8
* OD 1.5 0.47 0.13 0.06
7.0 final pH 5.3 6.5 6.8 7.0
* OD 1.00 0.15 0.03 0
reading < 0 25 was clear* OD600
* OD600 reading > 0.8 had obvious precipitate
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APPENDIX IV
Initial pH of the growth medium that was added to each dilution of
SnF2, to achieve the desired final pH. pH was adjusted individuallyfor every dilution in order to counteract the acidity of the SnF2
solution.
DILUTION 1 2 3 4
ppm F 500 250 125 62.5
Desired
final pH
add medium initial pH
5.0 final pH
* OD
6.5 6.0 5.5 5.0
4.9 5.4 5.2 5.0
1.0 0.23 0.15 0.i0
add medium initial pH 7.0 6.0 5.5 5.5
final pH 5.7 5.3 5.2 5.4
* OD 0.25 0.25 0.15 0.07
add medium initial pH 7.0 6.5 6.0 6.0
final pH 5.7 5.8 5.6 5.8
* OD 0.25 0.23 0.13 0.06
add medium initial pH
final pH
* OD
i0.0 9.0 7.0 7.0
6.3 6.9 6.8 6.9
0.20 0.12 0.03 0
* OD600 < 0.25 was clear
* OD600 > 0.8 had obvious, precipitate
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APPENDIX VI
Grouping of organisms for statistical analysis
Group ,Organisms included
Mutans streptococci
S. sobrinus
I0449S
IBI600
KM-I *
6715-13WT
BI3
-i *
Non-mutans streptococci
S. sanguis, S. mitior and
S. salivari
10558
UC4538 *
9811
KM-2 *
13419R
KS-I *
All except mutans streptococci All organisms tested except
mutans streptococci
L. casei
A. viscosus
APPENDIX VII: Inoculated control uith no fluoride.
This table represents the effect of pH on the growth and
vzability of the organisms tested, grown in Jordan’s
modified growth medium at different pHs. A symbol
represents no growth and a "+" represents positive growth.
Visible growth Growth on blood agar
in tube and selective media.
pH 5.0 5.5 6.0 7.0 5.0 5.5 6.0 "/.0
NCTCIO449S
S. mutans
615-13WT
BI3
, obinu
Ttl-I
ATCCI0558
UC4538
ATCC9811
ATCCI3419R
KS-I
A. vcgul
M-IO0
A. vi|cosu|
KA-I
L-202
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APPENDIX VIII
Difference between NaF and SnF2 treatment: The ratio of NaF/ SnF2
MIC or MBC at the pHs tested
Average Ratio NaF/SnF2 MIC and MBC
ps 5.0 5.5 6.0
Mutans MIC MBC MIC MBC MIC MBC
Streptococci 1 I. 4 3 2 4.4 8
n=6
Average Ratio NaF/SnF2 MIC and MBC
Non-mtans pH 5.0
Streptococci MIC MBC
n=6 1.3 2.4
7.0
MIC MBC
5.6 13
5.5 6.0 7.0
MIC MBC MIC MBC MIC MBC
3.3 2.1 4 7 8 i0
A. viscosus
n=2
Average Ratio NaF/SnF2 MIC and MBC
pH 5.0 5.5 6.0 7.0
MIC MBC MIC MBC IIC MBC KIC MBC
N.D* 3.7 4.46 5.1 11.9 14.1 10 11.8
L. casei
n=2
Average Ratio NaF/SnF2 MIC and BC
pH 5.0 5.5 6.0
MIC MBC MIC MBC MIC MB
1.7 14.1 0.8 13 15 17
7.0
MIC MBC
8.4 11.8
N.D*= not determined
APPENDIX IX: MEAN MIC and MBC of NaF and SnF2 in ppmF-FOR MICROORGANISMS
pH 5.0 pH 5.5 pH 6.0 pH 7.0
GROUPS MIC MBC MIC MBC MIC MBC MIC MBC
NaF 7.4 20.8 23.4 43.6 151.3 389 398 1621
lutans
streptococci SnF2 7.2 14.1 7.5 20.8 33.8 47.8 70.7 120
NaF 4.8 39.8 24.5 64.5 199.5 575 354 1862
S.mutans
SnF 4.8 16.2 5.1 18.6 26.9 38.9 63.9 158.42
S.sobrinus
NaF 9.5 11.7 22.9 31.6 120.2 275.4 446.6 1412.5
SnF2 8.9 13.1 12.3 23.4 42.6 57.5 79.4 93.3
non-mutans
NaF 10.2 26.3 47.8 54 169 457 537 >1995
streptococci SnF2 7.5 10.7 14.4 25.7 41.6 61.6 67.6 93.3
S.sanquis
NaF 58.5 48.8 68.3 117.1 124.9 1250 273.4 1875
SnF2 3.9 16.7 16.5 74.2 53.5 120.5 75 112
5.mltior
NaF N.D* 120.8 39 190 171.8 828.1 273.4 1367.1
SnF N.D* 6.8 23.4 56.5 53.1 59.3 54.6 1172
S.saltvarius
NaF 0.9 3.6 94.4 95.6 277.7 633.6 2250 >5000
SnF2 13 13 13.4 18.9 35.6 51.3 I00 I12.5
All organlems NaF 47.8 85.1 74.1 131.8 257 776 741 2884
except mutanl
streptococci SnF2 20.8 19.4 24.5 38.9 45.7 87 81 165
NaF N.D* 44.8 110.4 92.8 312.5 1486 883 >5000
SnF2 N.D* 11.8 24.7 I7.9 26.2 105 88 >420
L.caseI
NaP 220 >3535 193 >4352 1486 >5000 1250 >5000
Snf2 125 250 250 329 94.7 287 148 >500
> represent viable organisms even at the highest fluoride concentration
tested.
N.D* not determined, because of failure of the organisms at this group to
grow even at the lowest fluoride concentration tested.
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APPENDIX X" MEAN TOLERANCES OF MICROORGANISMS
to NaF and SnF2 MBC/MIC
GROUPS pH 5,0 pH 5.5 pH 6.0 pH 7 0
NaF 3.3 1.9 2.5 4.4
mutans
streptococci SnF2 2.9 3.0 1.4 1.9
NaF i0 2.6 2 9 6’3
S.mutans
S. sobrinus
SnF2 i0 4 4 14 3.1
NaF 17 1.4 22 28
SnF2 1.5 1.9 1 3 1.4
NaF 2.3 1 9 3.0 >4 6
non-mutans
streptococci SnF2 1.2 2.0 2.0 14
S. sanguis
NaF 1 5 1.8 7.7 7.2
S.mitior
SnF2 1.5 3 9 4.3 1 7
NaF N.D* 13 4.5 45
S. salivarius
SnF2 N.D* 1 1.2 1.5
NaF 4 2 2.5 >2 8
SnF2 1 1.9 1 1 4
A.viscosus
NaF N.D* 1.4 3 9 >5.0
SnF2 N.D* 1.2 3.9 >4
L.casei
NaF >15.8 >18.1 >3.3 >2.8
SnF2 >1.9 >30 3.0 >3.3
" > " indicates that organisms in this group were viable even at the
highest fluoride concentration tested.
N.D* not determined, ir]icates that organisms in this group failed
to grow even at the lowest fluoride concentration tested.
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APPENDIX XI
Variability of MIC and MBC technique
In order to assess the variability of the C and sC
determinations, they were repeatedly assessed for NaF and SnF on six
different occasions for a standard ,organism S. sanguis ATCCI0558.
MIC and MBC values obtained were logarithmical trf0rmed and the
mean and standard deviation wre then computed. By transforming the
results into logarithms, the numerical difference ben two
dilutions was constant (0.3) for both NaF and SnF2 dilutions. Thegreatest variation for this calibration run was noted in the
bactericidal concentration (MBC) of SnF (I to 3 dilutions), followed
by MBC of NaF (I to 2 dilutions). In rSpeat trials performed with all
the organisms, variation of inhibitory and bactericidal levels of the
fluoride were found, and consequently trials were repeated a number
of times in order to obtatn two logarithmic values which were no
further apart than two standard deviations from the mean of the
calibration run. Values exceeding the 95% confidence limits were
designated as "outriders" and wre eliminated from subsequent
analysis. For example in order to estimate the outriders for the MIC
and MBC of NaF, S. mutans strain I0449S, at pS 7.0, the folluwing
procedures were used:
a: Calibration run of S. sanguis ATLI0558, NaF at pH 7.0, to
estimate confidence intervals:
mean values
MIC MBC
ppm F log Rm, F ppm F logp, F
Mean 364.5 2.5 2708.3 3.39
2 standard 0.24 0.37
deviations
b: MIC and MBC of NaF, at pH 7.0 for S. mutans NCII0449S.
MIC MBC
ppm F log ppm F ppm F log ppm F
trial #i 312.5 2.49 5000 3.69
trial #2 312.5 2.49 625 2.79
trial #3 625 2.79 5000 3.69
c: According to the calibration run, using S_:. sanguis ATCCI0558,
for the MIC (transformed in logarithms), 2 standard deviations of the
mean are 0.24 or approximately one dilution since the log difference
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ben two dilutions is 0.3. Thus for S. mtans i0449S all MIC
values of NaF at pH 7.0 would be acceptabI (trial #3 has a difference
of 0.3 from #2 or #i).
Similarly for the BC, according to the calibration run, using S.
..sanguis ATCC 10558, 2 standard deviations of the mean are 0.37 or
approximately one dilution. For NCTC I0449S, trial #2, NaF MBC, had
a three dilution difference (0.9) from trial #i or trial #3. Trial #2
NaF MBC is considered an outrider. Since MIC and MBC are related
observations for each trial, trial #2 for both MIC nd MBC is
concidered an outrider, alt/ the NIC value was acceptable.
Appendices XII and XIII show the raw data for this experiment.
Underlined values indicate the outriders, which were not used in the
ANOVA performed to analyze the results.
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APPENDIX III: HIC, nd HC o NaF -A DATA-
Na[" in-DDI["
pH 5.0 pH 5.5 pH 6.0 pH ?.0
NIC HEC IC NBC IC gC IC BC
S. lutans 1.8 39 39 39 312.5 625 312.5 5000
NCTC 104495 2.4 39 19.5 18.1 156.2 1250 625 5000
(.__3 3’) 9.T 39 312.5 2500 312.5 625
4.8 39
IBI600
<..____3 39 19.5 39 312.5 2500 312.5 5000
(.__3 78.1 9.T 39 156.2 312.5 312.5 2300
312.5 5000
$.
KH-I
<.___3 19.5 39 156.2 10.1 18.1 312.5 625
<.____3 39 78.! 156.2 156.2 156.2 62..__5 5000
18.1 78.1 312.5 625
312.5 312.5
$. sobrxnus 4.8 4.8 9.7 9.7 78.1 156.2 312.5 312.5
6715-13WT 9.7 9.? 19.5 19.5 39 156.2 156.2 156.2
4.0 19.5 9.? 9.7 10.1 156.2 62__5 5000
39 156.2
S. sobrlnus 9.1 19.5 19.5 39 312.5 312.5 625 5000
BI3 19.5 39 39 39 156.2 1250 02__5 1250
312.5 625 625 5000
156.2 312.5
S_:.. sobrxnus <.__.3 4.8 39 18.1 156.2 312.5 625 2500
TN-I <.__3 4.8 19.5 8.1 156.2 156.2 625 2500
<.__ 9.7 39 39
S. sanquss
ATCC 10558
(.._3 19.5 39 76.1 15o.2 1250 312.5 2500
(.__3 19.5 78.1 10.1 156.2 312.5 156.2 1250
(._3 9.7 18.1 312.5 15o.2 312.5 312.5 5000
.__3 19.5 18.1 78.1 312.5 312.5 312.5 2500
<.._3 19.5 8.1 156.2 312.5 025 625 1250
<.__3 19.5 78.1 18.1 312.5 1250 312.5 2500
(.__3 9.7 156.2 625 312.5 2500
.__ 19.5 312.5 2500
18.__.1 312.5 1.__2 4.__8 156.2 1250 ]12.5 1250
3_9 4.__.e 156.2 1250 312.5 2500
78.1 78.1 e.1 16.1 le.1 125
39 78.1 39 18.1 8.I 1250
S. astxor
ATCC 9811
(.3 312.5 39 625 312.5 2500 312.5 2500
(..______3 156.2 39 312.5 156.2 1250 J56.2 312.5
312.5 2500
Kl’t-
(.__.3 9.7 ._...3 2.4 156.2 15.2 312.5 312.5
(._._.3 4.8 <..__.3 .6 156.2 15.2 156.2 156.2
(.3 9.1 18.1
2.4 156.2 155.2 156.2 625 5000 >5000S_:.. salsverzus .62
13419R 1.2 4.8. 156.2 156.2 18.1 312.5 2500 )5000
156.2 156.2 156.2 625 2500 )5000
3__9 18.______I 156.2 312.5
18.1 18.1
S_.:.. salxvarsus (.__3 <.__3 312.5 625 625 5000
KS-I <.__3 <._.3 2.4 4.8 625 1250 312.____5 625
312.5 625 625 5000
A._:.. yzscosus (._._3 18.1 78.1 156.2 312.5 2500 625 )5000
fl-lO0 39 156.2 156.2 312.5 2500 625 75000
312.5 312.5
k. <.__3 39 <.3 39 312. 625 1250 )5000
KA-I <..__3 39 <.__3 18.1 312.5 1250 1250 5000
<.__3 39
156.2 2500 312.5 >5000 1250 75000 2500 )5000
312.5 2500 156.2 2500 2500 )5000 2500 )5000
156.2 )5000 ]12.5 75000
L.
Lo202
312.5 )5000 312.5 )5000 1250 75000 1250 75000
156.2 75000 312.5 >5000 1250 >5000 1250 >5000
..._ represents axlure o Chxs orgenxls to 9ro the lowest HaF
concentration tested.
5000 represen vsable orgnses at (he hiqhest NeF concentrason
tested.
Underlzned valuel represent the outriders (95 con{zdence Ixazts) end
excluded {roi the tatstical nelysis.
73
SnF piF
S. 3.9 31.2 1.8 62.5 15.6 15.6 15.__6 62.5
NCTC I0449S 0.--9 3.-9 15,6 31.2 15.6 31.2 62.5 62.5
3.9 31.2 3.9 31.2 31.2 62.5 62.5 125
3.9 62.5
IE1600
<.2___.4 1.8 0.9 1.8 31.2 3| .2 3[.2 62.5
<,24 (.24 1.9 3.9 31.2 62.5 62.5
<.2___.A o.9
S. lutenl <.2._._A <.24 3.? 15.6 3|2 31.2 ]25 500
KH-I <.2___4 (.2___4 3.9 15,6 31.2 62.5 62.5 500
S. iobrinus 1.8 1.8 3.9 1.8 3[.2 62.5 31.2 31.2
6715-13T T.8 1.8 7.8 1.8 1.._. 15.._...6 62.5 62.5
7.8 1.8 31.2 31.2
S. sobrtnus 3,9 15.6 15.6 31.2 31.2 62.5 125 250
EI3 15.6 31.2 31.2 31.2 12__5 12_.5 125 250
7.8 15.6 31.2 62.5
31.2 31.2
S. sobrznus <.2___.j,4 3.8 15.6 62.5 62.5 62.5 62.5 125
TM-I <.2._._. 15.6 1.8 31.2 15..__.6 31..._.2 15......._6 31..___.2
125 125 125 125
$. sanquis <.24 15.6 15.6 125 62.5 62.5 62.5 62.5
kTCC 10558 <,24 15.6 15.6 125 31.2 31.2 62.5 125
<.24 02.5 15.6 125 31.2 125 62.5 125
<.21 7.8 15.6 125 31.2 250 62.5 62.5
<.24 1.8 15.6 31.2 62.5 125 62.5 125
<.24 7.8 31.2 31.2 31.2 250 62.5 250
<.24 0.4 02.5 500 62.5 62.5
<,24 7.8 31.2 500 62.5 250
<.24 1.8 62.5 125 62.5. 31.2
S._=. sanqu 3.9 7.8 15.6 31.2 62.5 250 125 125
UC4538 3.9 7.8 <.2___4 0.__4 62.5 125 62.5 125
3.9 3.9 <.2___4 0.-9 62.5 125
3.9 3.9 1.8 15.e 62.5 125
<.2______4 7.8 31.2 31.2 31.2 62.5 125 125
<.2._____4 3.9 15.6 15.6 125 125 62.5 125
KI4-2
<.2 .__4 1.8 .24 7.8 31.2 31.2 15.6 31.2
<,2___4 7.8 (.24 .8 15,6 15.6 15.6 15.6
S_:.. s61verxus 15.6 15.6 15.6 15.6 31.2 31.2 500 >50_.__0
131 |9-R .-9 .-9 31.2 62.5 15.6 15.6 62.5
7.8 7.8 15.6 31.2 62.5 62.5
15.6 I,.6
S_= salivarzus <.2__.4 <.2___4 62.5 62..___5 62.5 62.5 125
l(S-I 2___4 7.8 62..___5 62.___5 62.5 125 125 250
2_.__j.4 15 ...___6 15.6 15.6 31.2 31.2 125
2____ <, 2___4 O. o.
3.9 3.9
A_:.. yz#cosus <.2__,._4 7.8 31.2 31.2 15.6 62.5 62.5 >500
-100 <.2__.... IS.6 31.2 31.2 15.6 125 |25 >500
15.6 31.2 62.__. 62.__.
62.__A
. yxscous <.2____4 7.8 <.2____4 7.8 31.2 125 125 500
gk-I <.2_.__4 15.6 <.2___4 7.8 62.5 125 62.5 250
.2___.4 15.6
KL-|
125 125 125 250 125 125 250 500
125 125 62.5 250 125 250 125 >500
125 250 62.5 500
L.
L-202
125 5’)0 125 500 62.5 250 125 )500
125 >500 125 >500 125 500 125 )500
concentration esed.
"1500 epreen vzeble otganz|s he hzghes SnF concenteion
elted.
Uner|ned va|ues epesen %he ouldes (51 con;ence 1111s) end
excluded fro he saistcai naLysis.
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